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The charecterimtics of ths flash, phosphorescemse, znd luminescence
illumiaation on eroitetiun of Cag8-Br8-Co 8u, la-phosphors. 7Tis slssentary
procesees of vhich these forms of illumimation consist are axplained, and
:l.::‘ ::}::::mlip of their intensities in various phases o7 luminescence ia

(Presented at the luminsacence colloguy at the Physical Tnartd tute, Acad
of Sclenoes USSR, 1G February 1947.) . nd

In tiom
1. Purpose of Research

A nev type of luminescent compound, vhich oan accumnlate and preserve
&' large awntity of excitation ensrgy for a comsideradle period, was developed
in 1981-19%5 in the Physicul Institute, Academy of Sciences USSR. Thews oom-
Povids release the energy only upoa expowire t0 infraresd vays s@visidle ght.
The mev compounds are allmlins-sarth phosphors (CaB°SrS and 8rf), activated by
& oombimatioc of two or uore rare earths (Ca, Sm and Bu, £w).

The optical charastaristics of the phosphors: ths spectrel
tion of the rediation, the positiom of the ab-crptiom spectra and the
; eutput of fully excited phosphors, in relation to the rediations
tted, were imvestigated in this researsh, Ths rols of the component parts
of the phogphors, the tasic material snd the two aciivaters, im the appesrence
[
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of the flash was also sxplaized. It apvesyred thet the abeorption spestrs and ‘ W
the flashes were !zaependen: of Yhs basis material, but vere determined chiefly :
by Co avd Bu, while Sm j¢ the asvivater of the flash and increamsss its inten~
ity wany timees. At tho sawe time & similsx project was ecomdusted ia the US,

about which imformstior, is now beimg published iz US jowrnals (2-6). The re-

. sulty of US authors besizally coimside with the resulits obtaimed at the Phymicsl

; Institute, Acadsmy of Sclemses USSR, mal pertsim to the same gueatioms--the
establishment of the 1'0le of the individual sompoments of the ccapounde and 6x-
Plaining the comdition's of the oxistense of an intense flash,

5 To waderstsnd the fiash processss it is necessary, however, to xake a
. ' det:) ed z.mdy of 2)i the types of lumimwscexzas which cecur im phospbors of a
given typv. Tho »essat vork alme: {a) Lo sxplair the relationships between
lumivoscence £l-¥. Zvs tv infrared rays, the phosphorsscence ocounrring after
remc-3l of thrormel exciiation sud luminescemce at the moment of exeitatiom
and |b) to asoertaim the nature of these procemsss. The conclusions resohed
: on tie mature of the war'ous prosesses, Lo a certain axtemt, cam dbe qualita-
o . tive:iy applied to other pLos:hors “iwhx .eep lcsalizatica levels. On the other
. band, the mumerical valuss givem beiow For the Inilvidunl quantities wMonbdbtedly
depend comsiferably on ths gcompositiom of the phosphor amd the xethod of 1ts
Ireparation.’ Nevertheless, the uorrect relationshipe detween the basic mate-
rials dotermining the sourge of luminescnuce in actwsl phosphors are of Nmda-
I memtal theorstieal importsnse, sigce even ar ajproximmte indicatiom of these
G e relationshiys makes 1t pomsidlis Yo Jadge the ralidity of some theoretical pres-
RN ; entations and the fallidility of cthers.

2, Investigation of Compounds

The obJect of investigation war a iayer of CaS+8rS8-Ce, 8m, La-phosphor
of thickness, 0,07 mm. The layer wvas 3xcited throughout iis thickness and
readily permitted the passage of infrared redlatioes. During rediastior, it had
approximately the same brightness from boitl sidee. The luminescent light vas
green, vhioh corresponds tn Ce zediation. The phosphorascent light was a
Yollow-greex, slightly differemt firam the light of the flash. The presence of
la increased the flash scmewhet, but hed no ndticeable effect on the other
charecteristiss of the phosprors.

The schome of the arzamgement ls givea iz Figure 1. The phosphxr Ph wvas
enclosed botween two quarts plates oo siapd E, L 15 a mersucy lamp FFK-2 used
for excitation: ¥y is Shott's UG 11 light filtex whick r2sses lines 366, 334,
312, end 303».,. “The distense from iamp to phosphor was ~»30 cm. The exciting
ultraviolet stream imsident om the phosphor was equal to 3+10-3 W/sq em. This
excitation 1s comeidered ucrmel. It wvas weakemed up to 200 times Dy esrean
Hy; the use of the lemse 1) increased it 15-2% times. Thus the totel possible
varistion in exsitation was as muck as 5,000 times the lovest sxecutiocn value
in differeat vests. Ths leagth of exclitstion tima variei froa 0.0k seconds to
30 minutes, i.e., 45,000 +imes. :

Yor experiments on the ztudy of the sotice of individual limes of the mar-
cuxy spectrum, the supplememtary lamy iy was usel, The rediation of the excited
phosphor was prodwsad by imsaMescac: lamp Lo, 300 W, corersd with & black Shott
Tilter, UG 6§, which alloved ithe pszsexe ¢f all infrared reys deginning with G
850mps. The minimwn dieiancs of tic phosphor Zrom the laap wes 28 cm. Thy PSR
-ur# irredistion demsivy of the pacsphar surface vas~~10-2 W/sq om, which g
fader: ves taben &8 & &l o rediatico, lemp Lo moved along soale 8; in addi- : L
tion, iveo 1ilumimating hecm w2 vr.'ied by soreen No, The brightness of the
phosphor Llluxinati® w3 measured by & risual photameter. The Wrightness of
the source for zcepsariscr was variad by ite opticsl wedge D. The umiformity
of All larps wee sontCllew by X2l vrirc devices.  The temperat.ie &t the test
was 2k°C. (The 1acuantsm was praparvi oy Z. A, Traperaikov.)
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3. Method of Mszauring

& samplete group of measuromenits comsisted of inveatigating the
insreess of phospior lvmimsssspoe &t sxsitation, the decromse in phospho-
< yewmmpen 3Ter Tamoval of exsitatiom, awd the brightness of lumimessense
Tor variows phasus of yedietism by infrexed mys. Integration uader the
areas of the lmiensity swxves for &1l the indicated lumivsscenses give the
so-salied "lignt swus”™ fares wnder cwrva/ of these processes.

Taring radiaticw, laap Ip vap firat placed om the em of acale a,
and vhe brigntness of the lnivlal presntor flask ves msesvrsdi. Then the
lay wag culorly relesd (regiom &, FPigure 2) until @ poaition was reached
at valel srosrharessense reglstered was maximm brightness ca the photocuster.
At susseedlog a, uowtives » lawp Lp; this brightness of 1llumipation was
L3 Pwelner approeek of the lsmp ewd the phospharus was lupos-
silt e, Further, tae dscay of the phosphor luwdinescencs ves meapured at &
coratant digtamss of lamp Lp from phaoswnce Ph.

Ao Bssic Charssteristics of Jumimessssme Imrine Exolsatiom

L. Fisan of Co8-8x8Ce; 8, In-Phosphor

Three provesses of lumipsscsnse oand the mature of the rediation of
Cage&r8-Co, 8n, la-phcanhor, Az sxaminetion of Flgure 2 esteblighee the
rolationship betweom the tires procsssss of snosphor lwxinescence: lumiw
Mssaze Gue to exsitation (fluoresseass), prospacrescence, and flash. Since
the increase of the brightmess of lumtisamsence during exsitetion hy a light
of norml intensity ocowrs very quickly; 2 very weak activativg light vas
uged ‘o make this tramsitiom spparent. Tue lemgth of excitmticn time (30
ninutes; was swsh that the "light sm" of the Zlaeh hed tims to reach a valus
0lose to the maximm (S==0.96 8 maximm),

It follovs from Figure 2 that tke lLimipescemos during exoitatiom does
not imeediicztely atialn “ts lovelling-cfy valve, oul ghows & certaim amount of
inertia. e drop im lvmincsnsnos cfter raaovel of axoiting radiatiom ocours
almost Smediately. TFor an initial ¢ualitet’ve criemtiation ip the enexrgy
relationahips of these separate Jrosusses; ¥ notice the’ the "1l h¢ svm™ of
luminsscemes during excitatioa for the firat 160 ssocmde, 1n vhich there
ooccurrsd & noticeable inersase of hunimoscenns, was approxizmiely 11,500 uwnits,
vhile dwring this tims thuoe was acounmlated 2,600 waits of ths flash “light
sun” and ariy 50 vaits of the phosphoresseat "light sum.” Thus, the averages

» exoitstion emergy in the imdfcated time imterval was distributcd Lawwsen the
snumerated procezses in the retice 100:22.6:0.43. N

Iz onder to explain the charesteristics ~f the exaxinad phosphors,
vhich are semsitive to imfrwured snd visille Taye od hav: the property of con-
serving for & loag time the light sum of excit&tioce, a Xypothesiz wvas put
formexrd by the awthor i 19%2 (7) comserzing the existence in ihis type of
phosphar of two syutems o localizsiion lovels, re.atively shallcw ani deey.
To a= electson, vaich has fallsa lmio tha ccaductivity level, thsre is presented
the possibility of immedistely Tecodkining, Joiaiamg en ionized center descend-
iz3 to cne of the imper levels, From hare, with further therml agitatiom,
the elestiron cam agaim bs xwised to the oonductivity level and upow its recom-
bloetton give phosphorescent luizeucenss, or 1t sua Pinally descemd into a
deep localization lsvel. From Lere the electrom oan be freod only by the
action of iafreyed reys Xr by stromgly heating the phoupkor. This hypothesis,
founded ca gemexcl comsiders.tices amd camperigons of the characteristios of
phosphore having flash nroperties witk the prorariies of tho ordinary self-
rediating phosprouxe, vill be submitied to direst 9Upsrimentsl oxamipatiom in
the prssext peser, The data givem belon subdaiantiate its validity,
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Of tho three mrosssges: luminsssemss durlang exsitatiom, phosphor- : -
wrapoemdn, azd flsak, cmly phosphoresgemss iz a simple prosess. As will be : :
820%8 be oW, &% 158 Llash there csonrs » partial tremsPer of elsctroms from
: ve: Loep Levsl 1o ihe phcaphorsasent lsvsls, mnl luulmescencs of BeconiBry
Pacaphoresssase i added ay 2 comrequemss of the flash, During sxoltatiom,
T lumizessence is ovem moxe ccaplix. This lumitesnemse is basisally brought
. &bout by the resombimatiom of slestroms from the comdustivity level without
prior losalizaieass, or after losslivstions on shallow lsvel 1in vhich the -
olsciron cam ramein for cmly & mmll et of & seoomd. Ox this rescdining
lumt wossenss, phosfhoressenss is syperimposed. Is sdditios to this, in
troo 7 thers et exist aB¢ be siled to ths first two, (a) flssh luminescemse . e h |
dae o ti- exsltetiom yeys themsslvss ex® () momomolssuler lumizescenss due R
Arocily wo wxsltsd ime (8), It is aisowm below that the first two processes
undoablediy exlsl &’ wekw up ke besis part of lualmescstice durimg excita~-
tlore The last twe “n dre demsribed phosphors wmder owy experimental comdi-
tiwe 414 mot play & sigeificemt role, :

2, Imspriis of Iwminsagense Hmuiac Txelistionm

oy . : The guestice of lag, or izewtia, im ths foxzetics: and Alsappeerexce
. of lemimsssence; obrerved durinmg exsitatiom of phosphor, alweys bas & great
signifizamos in desislics as o its mimre, From the viewpoinmt of the oom~
i . copts eraximed abury, 1t would be expsated that im the first moments of ex-~
s oty pliation of elestrows, Hish i falles in the somlustivity lovel, they o BT
R should iz theory be dixested two the losal lavsls of the flash axd phosphor- . e B
Pessnuy, vhioh are sompletely esply at that roment. Opnly an insignificant . T
proportion will resombinme with ioms of the first elestroms to fmil imto the
conductivity level, simse, durimg thc *irst momeats of excitaticm, the mum-
ber of ioms is very small,

: REEE A Depending ca the imoreass im the mumber of “oms tstermived by the
. e SR nusber of looaliged electrcwis, and the desweass of the awmsber of unfilled

: e local levels, the mumber of reccabimetions will alsv incremse and tho nume
bexr of Josaligatioms will dscreaxe. The imcreuss of luwimconsenss /i dotiva-
tlom zaat k&ve & sartain imertia., An imstantacecus rize of lmminescence
would imdierte either the Ivesexss of & @uadideradbles amownt of the usma)
fluorescanss; i.0., diveot momomolssular exsitation smd rsdistion of ions
of the astivator, or extremsly little likelihood of loselizationm. As & oo~
60auess, reccnbiiation; even with a4 very smll pwnber cf ioms, would ocowr
fagtexr taen the fall of the 2lsctrads m mwy free lerels of capture.

At greater  gtennities of ths exeiting iight, the f1liing of the
Tlash el phospurssscase levels ani the faymtioe <f a large .xabsr of
icaized seaters matwrully oolrs st & wpid vate and ths iumwizescence reaches
mximem brightasss very quickiy. Bessuse uf tais, t¢ find lag or imertia
in the ipcreage of lmimescsnce, smell tatapsitiop of ex:itstiom ware useds
Ip = 0,05 amd Tyx= 0,01 of the meemel, Iz Figur> 3 the growth of lumim-
e 1o dopicted € “vore exsititicis., The Jmevtis of Lhe rise 18 clearly
Hatinguished, Zvexn after 5 ximutes of redlatiom, the brightness o2 lumlm-
siemue hia not yoi reashed 1ta 142" %lsg valva, The firat rordimgs aive
values of Wwightaoss whish correscoade ary to ~~ 30 perviat of the fipal
valuss of Mrightmess. It follovs thet thw =mll-izertia prosesses (fluorss-
cemco) oan 2Ot W sigalficens. Thw rise of lrmindhgemce is bagioelly repre-
sented by & sakeae sorvespomding to A pieture of gredual £illing of the
loczliation levels.

In acsoxdanse witl the samy, somcepts, the drop of luminescenmse afisr
removal of exeltaticw su.4l4 oocwr vary qoiokiy simes tlie onmter elestrams,
at the mameat of remorvimg excitatiom, should recombins or he losalized very
quiokly. Exper'msmts substaniiate this expusteaticz. Ta Figw-y &, 1t 1g
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claair that, &t the momemt .# Cavoring siwltesive, av intermittent decreass ‘.
saockg T St Wel alvess of Limiasedsmsc,  Rere very wsak szeltation waes used

@l whiok the bri.lomese of lumlusscsnos durisg exoitation was anly 12 times

gre&uar tran the brighimmes of phosphicwsounse at the tims of the first reed-

ipg., Duwrisg exsitation of mormel imbenmsity, the luminesesnse drop, &bt the

mamect of sborping the excltailrwm, ogemre rtill mors abruptly.

It is sasplbis Lo ouppors that &ll the laminescence duriag exolta-
tlx. t¢ phosrhorescemse, the & .1 cf wiien, 3n the Pirst momenut just after
atoy:lag axestation, sesvrs so “eaa% that 1t camuot Yo investigated without
o=’ a) phosphorossaple devises, This opinlicm ip wrong. It oan easily be
skt thel U by phosphoresc<ais Iv nesny & prossss ocaused by electrons being
Prevs b "wat T sntfisiantly fisp locslizatiom levels; them the Iundnes-
oens- ab obe o ws T ersloatd am vIA) Ye cuamected witlk it omly to a certain
ext ot (wsusll; sum . ), souae1L7, a8 the brightress of the exciting light is
inci-eaped, ths brightness of lonimescemece dwring exsitation slso growe. It -
doer pot often display e tendensy towes''s satuwretion, and in many phospbors
can ‘n practice be made ar ‘e i T~ Jaere’, The phosphorescense, on the
othex band, in a seriss of cases, 3 asiirs . mircefo 2o latively eanlly and
Goes uot chenge; even with furtrsy inspwses o2 Intemsity i wreltétiom, -
Thus, the vhosphor lumimessense &% sxulintl-w {8 mot exhauvsted by phosphores-
GERSH 81oRGy .

3. 4asic Characte. stic: ~f trs Fisax ‘
&8, Proportiomality of Bx:zhhsess of ¥iash and Intemsity of Radiation.,

Dariug study of e flxsh, first of all it was showa that the
brightness of the flask, other thimgs:r »eing equal, is proportional to the
amount of rediated light fallimg on the phosphor, The intensity of the ;
flash uvae 50 times the imcidunt light. Tke average ecror of individmar . .
meagurensnts resched 6 percent. Eyperimentsl dcis e given in Figure k4. : : .

Tale result was wasd iatsr I tre izvestigetiom of the "light
sums” of tha flash,

5 - %, Tiash Inertia

In the cage of a rat.ar et lutemsity cf ralletlon, the drop o N
in btrightness of thes flash ocaurs so fesh the.t the impression produced is ;
that of & wrectiselly irpstantaweons flaask, wilh a very steep drop in brigut-
ness vhich comnszaes at the very beginmming ¢ lmainescence. To elimimate

» : the abzup! Arop im Iwminssuence of the flash, it was studled under very
: : : veak rediatlon, In Figure 5, the ixitial phazes axe depicted of radiatiomn
w of various sxsited phosphore at 1/300 of iu« welve of worml redistion., In

RE ' hoth cupes we ger that, 1n spils of Lza k. fi'waasity LY infrared light
nesl, the vary first readings give aimost e mery mum velue of the flash,
Thus, the test swbsimatiatss toe Pas: thel Mizloslly, for visval observations,
the flash is withont lag.

This was tc te exnectod !2 ws comsider tbat the flash appcars : o
as the result of they 45 act yeccmb.zetlun of slestrons, reised by infrarad S E
rays from deep loseiiza ~ar lewelr ‘who the canduotiviiy level. There axe,
Bhowsver, weak meximums oz H>th smwes. They ame formad compisetively slowly,
# o Thus, on the upper curve, it:e -u2creses in hrightness of the flanh continued
for 2.5 minutes., Thess "mximums san de ayplained as & ssoond, very inert,
supplementary proasc ., irmlely, secamdary rhosphoresseace which arisew us the
result of sec @ .y Lhal dzal i on 2hwoe, Lorerssnoe levels of part of the
electroms wh'sik el wel reiged Ty wfuiirsd reys from deep levels into the
ocondustivity lsval, (For farther Yotalls, sse below.)
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OB

Y. Zguivelswse of Tims and Exsitstion Imtenmsity for Filling Flash Lerels

_ Lliews, 1p the test srvengemsuis, the escape of the slsctroms from the

R doep ?lawb lsrale ¥ithout the eid of izfrerel rays vas exsluded, it was to be

] oxpected thet ths filling of the flagh ievels le determinsd by the product

y Iget (the intemsity of sxsitatioa Ip by the time ¥ of excitation) amd not by
oask of thews quantitles teparately.

Tw trat sumplotely subasambiated this opimlon. There was obtained,
for sargBpisg

Tebls %

Ip T gt Sxc Ip t Ipt Sy

1.0 1.0 1.0 h, 900 1.00 0.5 9.5 4,320
0,2 5.0 1.0 4,925 0431 5C,0 0,5 k, 450

This ruls vas later glven sver wider verifisatiom, This, bowever,
semaot Yo sxtended to wery mmll imtensities simes it will then be so large
that it boosomes iwpoesidls to dlsmegaxd the petwrel (temperaturs) decrease
of ths “light eums™ £ ‘he flaek, :

5. laws of Inorease of "Light Suma.” lews of Desay of ¥lash an?
Phospharespence

A similer examinatinn of these processea constitutes a special report.
Eere ve will limit owrselves to the rexark that their ocouree can be satis-
factorily dereriled by Baoquerel's formula: I = (a+bt) % or even the eimpli-
fled fermmla: J=At~X Owr mev tests faliy svbstautiated this rule both in
regard to the flash amd to the phesphorewscence. The growth of the latter in
the desoribad phosphors mmst oacwr somevhat differsntly frcm the usual phos-
phor manper aingse here there are two different systems of local lavels. The
formzle X=A't" X was verifiwd, mevertholess. For o in the majority of cases,
a valive scmovzat lasy than wnity is obtaimed.

o B, Paosptczessamse Levsly and Flask Levels
| l. Uistiastion Batween Phompharescemcs and Flash Levels

Ths simplest preseatatiocs of the metmre of the flash ie that it
. ari.ss from the spesding wp of the luminsscence of a phosphor, the brightrecs , N
et of vhose matwral lmuinessense has fallem dalow the limit of sensitivily of ‘ ST
. v the eye. Frxux this viewpcint there is oaly oms systsm o’ eleotronic levels, .
T common ¢0 phosphorescemoe and to flash. The imvalidity of this representa-
tion 18 evident frra ths 3olatiom <f the "light _ama™ of both procesess (mee
Flgure 2), T "residus.’ proosis--ihe fissh--purpusses meny tiues the
"basic” yrosess--phoophoresosmcs, Tue rery large valve of the "light sume™
of the Tlash persists oven afler 9 ing the excitved phosphor for severel
. dnys; slihough the residuel phospiorvecence will decreass sharply after a AT
. proloagsd period, A mo less comvimsimg objestion against the indicated simpli- SR “
“ fled tresimest of the flzsk is the! meay phosphors, having a brighat and slowly SR
dsoaying phosphoressennss, o mot heve the oharasteristios of the flash or
thernclmoinescomse. These conwldevetiocas compelled the authar, in 1942, to
adopt the above ind’onied comsept of the existemss of two localigation levels
in the phosphore :m cusstion, ~ shallow phosphccessence levels and desp flash
lovels ?7) In tke present paregraph, a deseriptiom of teste was attemyted
toc establish tde differsnce botween the charasveriatice of the flash amd phoe-
pkoresvense lsvels vhioch ccme chiefly from tie difference of their deptus.
The question <f the awmber of thess amd ctier levels anmd of tke relative prode-
D11ty of their bolng filled is exmalinsd below,
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l . 2. Fuxstion of Iatemeity

“he yetlo betweem flmsh azd phosphoresssnce “light swma" is a func-
tloe of tie imtemsity of the exeitatiom Ught. The suggested great diffor-
ence in the deptds of the flash emd phoephorsscanse levels should be re-
Tlecied in the thermel stadility of the elsstrons lovaliging om them. On
the flaeh levelu, the wisctroms staim for & vory loog tims; om the phos-
rhorescemve level, cm the ctber hasd, they break out very quickly dus to
thermel agita:iom, 'l'hmteﬂg} dxring prolomged astiom of exciting raye
on %t» phosrkorescemss levels, s dypamis equilitrium im ostablighed between
ths ~iectroses whiish are coxing s goimg., For a given intengity of sxcita-
tiop. activetion, the wliimmte Yalue of the “light swa” of phomphoressemce
Se 1s s3tablishe? after & poriod mot exceeding the period of full natural
dosty of Mcegbaresvunss (im owr ease ~v5 mizutes). Ew eizs ia decreassd
vith the domrssse im sxgl tation imtemsity,

Om the other hauid, the elsstroms wilsch are losalized cm the Z1ssh ‘ CE
lev:ls do mot dxeak ont imto the somdrativitr lavel, The "light swm™ of BRIy .
the flash Bpo cartismmes to gyow ewsm arier he estabifshment of the 8qui lib- :
riun om the phosphovensempe levels. Becawso of this, dering & lemgthy exei-
tation, tho metio of the Linvh "light pxa” to the pkoapkoresesnse "light sum”
mmst insresss as the sxaitétiom fmtemsity ts decremsed. The experiment
carried oub verified thig propoeitiom. Bxoitatiom lasted for 10 mizutes dur-
ing vhioh time the fall valwes of tis "iight suma” of vkosphoressence vers
esabllnhed for the given sraltatien imtemsity. The exoitation intensity Ip
had & two mmdredfwdeuriation from ths mornml Lo 0,05 times the noymal,
The ratic of the “light zume" Bys (flash) amd B¢ (phosphorescenss wvere
obanged from 22,5 to 6. Figwre & is & graph o’ ‘his matio aw a funoticn
of 108 IB.

It must be motised that the flash "light emms,” sorresponding to an
cxcitatioa of 10 minwtes, ware mot the meximmm, an? that a% an excitation of .
0,005 of the morml exsitatia imtemsity, the flash "light sums™ hai time to
ressh caly 33 pereemt of its meximwm vslue.

Tabls 2 gives retics of the "light sums" of Prospharessence S¢ to

the flausk “11ght suma®: {mexizom) and 55&. (after 10 winutes of exoltaticm)
: - at verious intensities of oxeiting light Iy,
’ S Table 2

The Ration 8¢ /Sy exd 8¢ /smm &z a Fungtiax of I

1=

, I, o 1 0.2 0.73 c.n 0.005

8¢ ,Ism G.02¢ 0,082 0,017 0.011 o.bcz(

&4 le’”nx 0,080 0,023 c.21 0,011 0.005  0.002

3. Dissimilar Effects of Imfrwre’. Rays co Elsotroms in levsls of Flash
and Fhosphorescewoe

The d1ffexrence bstweea phosphcresssnoe azd fiash Terels 1s also
maifested by the dirfersat effsctz of iafrered Mays an the "light suma” of
tke twvo prooesses.
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'L,a 53 sa:_menb was Vhen repestad three times wi c.h simzitansous sction
oo g0l Lafvarsd xeye of vrriose inbtsssitlies: 0.2, 0.5 and 1.0
aczuml. The "light sums" of phosphorsscemce 8¢ and of the flash
odreassd im diffsxrent amowwtis. The phosphorsscence proved less sensli-
tive tc imfrered veya than the flash., Figure 7 gires the correspondlng rela-
tionsripa., The exjeriment further showsd that iusresaling excitation iaten-
sity dsezeases ile effect of wpdiatiom of ths iafyersd mays of the previous
inteasity, sims- the iafraxsd reye of this imteneity do mot nave tlme, even
to Tomumis srbett, to radiate to'lasalizatioz levels, whick are rapldly being
P12ied s

5. Sexondary Phosphorescemse During Flash

A vory gop e Ssmotatyation of the separate existemse of phoepho-
resc-aco amd flash levels ix ssacdedery phosphoressence which arimess as the
ros- ; of the sotiom of imfrered reays e vwhish phosphor had alrsady radiated
phos,korescomss, Tho desmyed plcephorescemcs, sfter a short ectiom by
Infrernd rays, is remewsd ead decmys sgalnm, md on repsated exposvrs to in-~
fraved rays appesrs again, Tho presess dwe ¢ pepsated logens of timse.
The explamation 1o 4t the' om af the fissh Revels, fallimg imto the
sunductivity level wnder the astica of imfrarsd rays, Jo not all recoubinms,
but & sortsin mumber umiergo a-:po.ud Inealigation, partly om free-flash
lovels, paxrtly o2 lyvels of phosphcressemes., The latter also give sscondary
phesphorensencs. The Fwstics of the process 1s exmmined 1n detall hy the
author im & separate meper. Ualy & gualitative desoripiiom of this phenome-
nom is presexted here, such as the sxistemee of localizatiom levsls and the
riss c¢£ phosphorescenss. X '

5. Redlatiom amd Freeging of Phoxphorsscence

The simplent methrd of dstermining epproxioetsly the dapths of the
localization levels compists im determiming the temperwiure et which the
radiation of ths corresporiiumg lewel) takes plase: . To fini the depth of
tho levels of prosphoresssnce, it is nessssexry ¢~ sxcite tie phosphor at the
froszing texperature of phosphorescenus and thex gradwally heat 1t to deter-
mine the redistiom of the localization levels., Tke sxpsriments saxried out
showed thet, im phosphor exsiied at —1839C, s pigaificant sharrly decaying
phoasphoresseanse d1ffars scnsiderably iz color frox the us.al Jecayl phos-
prorescence. lmvestigetiom of the warietiom of the quamtity ASpc/
where Spe is the light sus ecoumulated by the phosphior axd t° 1s tenporatnre,
3issloses the exlstomee of apesizl lavels of piosphoresosase whioh rediute
iz the epproximmte tempereture reglion == 100 to = 3000,

Similer expeximeats on thermel redlatiom of phosphors exsited at low
temperatures have recently beea cwrried ozt dy 2. L. Morgensiiern, vhose re~
sults agren wish ows. {15)

6. Relstica of Fumbex of Phosphoressenss &) Flasi Levels and Probabili -~
ties of Thair Beiag Filled

To sclve the problem of the 3> ative probadbi:ity of the transition of
electrons from the somdmativity lew+l Lo *le phosphoressencte and flash levels,
the retic of the "light swmas™ of Doth wousesser ws stulled fo- increasing
exposuxras, At the saaw tims the exciiing imtensity was taken at a maximma
and. the lemgth of the expcsure was wade so small that the yadiatica of the
phosprorescence iz the time of -xoitation semlt be disrogarisi, Numerical
data is asgeumbled 1m Tabdlae 3,
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Table
3 «]

Compaziscn of Rate of Fllliug of Flash and Phosprorescsence
Levels During Intensive Exciteticn

Lengta of Activation

1n Soc 0,01 0.0 0,10 .0,20 0,50 ° 1,00 5.00 300 ]
Tiseh Sum Spy 162 750 1980 2840 k32C k98O 6200 6580 i 4
Pacaphorascence NN
- fm 84 %0 95 136 202 300 40 343
R lo 8y/8g 19 20,8 209 2Lk 166 151 19.2

‘ The averegs raetlo Spn: 8¢ == 19.4. As can be seen from the table,
the Patlo of the phomjhiorescense and £lash "light swns" in filling their
slevels remains unohangsd within the: limits of error o memsurement. The con-
stanay.,of ‘thie retic vac substantieted by a secord msthod, Figwre 8. The

¢ first points; on Figure 8 correspond to amall ‘exposire periods of 0,0k; 0.2
. ‘and 1,0 epocud, The  last point. in Plgure 8 and the lagt row in Tabls 3 cor=
respond to excitatlon lasting 300 seccads. Obtaining the previous value
of the ratio; of phosphorescsnse and flash even for.these prolonged exposwres
showed that the excitatiom 1ight used was so intemse that it £illed the
pPhcaphoresoense lavels much faster tham their temperature radiation.

It fol’owed, from the graphs shoving the varistion of flash and
phosphorescence "light sums” with exposure periods used in the previous

. oapes, that the "light sums™ of both procsases cozld be considered as maxi-

s uvas, 1.0,, for the given comdit’rm of the exciting light, the flsgh as well
as the phosphoresverce ievals were filled, Becaus~ of ttis, the ¥atio of
their "light sums” imzediately gives the relativs number of filled levelas.
8inco the retic of the flash and phosphorescemcs "light sume" remein uwnchanged
in all ranges of ths £illing of themse levels, it mmst bYs recognized that
thelir f1lling coours wmaiformly, 1.e., the probability of elestron localiza-
tiom on both systems of levels is alike,

Wo must also notice that the data {a the table sharacterizes a full
store of "light sums” of the deep levels, since the infrared rays rediate
the flash to the end. The radiation of phosphrrescennn cecurs withovt our
thermnl partieipatiom end continues under yxrious fillimg ccaditious of the
deop lovels. Owing to the comstancy of the retio of the "lifit swme” of
: both procesnes, it happens that the diZfersnces i tLe degree of filling the
e deep levols 20 not imdicate the xedlatioa of phosphorescemss., Tiua suscessive RN
eloctron transition: oocowrring in this procese in the deep flash levels, or bl
the psrcentage of thece t~ansitions at 21l stages of fillizg tke deep levels, i i
ovidently can be 3isrezirded.

The ratic 8¢ : 8py =¢,0%; L.6., the nmumber of phosphorescence
lovels i omly 5 percent of the mumbsr of flash levels, if ve sssmss that
the freeing of the elsctrons from tre ohallow levels of phosphiorescence is
not accompanied by losses ocowrzing at thermal radiation of flash "light
sms” (9). If these losses aiso oocour a: phosphorescsace, then the number
of phosphorescense levsls should be 25-3C percent of the mumber of the flash
levels. .
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%o The avira of Tuminescenss During Teiszbion w4

L. o Repressatabions of Luminescenss Dwr-ing Excitetion

In gostion "A" abovas, the basiz characteristics of luminescense which
are “ouzd iz exsitatiom vere describad: the lag or inertia of formtionm,
bhe ory gremy value cf the "lizh® sms" radiated et thems rroocsses, and at
vietel chaerre, lon the very atrupt and prastically lnstertanscus drop of
luninescanse sfter -ameral of exsitation, walca becomes rormally decaying
phog hor:roanss only to a smell extent. Al tre basic sxamination of lumi-
K aesxqnoe slaresieriptiss duntng oxcltatisa, !4 was assumed that the basio
y pair. oF I briogs atoat the ifmmsdleSs rasombinatior of the electrons from
the somro larsl walez d¢ uct rews & previous localiretion on planes
of & gersiders i% AT, '

Bowevsyr, there exists anottsr point of riew for this process. Lenard
{1C) found that in coertain cases tre evaitetion rays can produce radiation.
12 1938 Gerney and Motu {1i) aseriMe? the radtatiom of phosphorescence to this
B : agensy. Thls riewpolnt was supportod by Ril® {L2). To 1943.-this represeats -
s tion of radiation of ths action of the exc'zing reys vas used by V.V. Antonove
: Rommuoweily {12) to explain the rapid drep of lLuminescense of silicate phoaphor
and later of & group of phoepkor sxamined by as {1%).

,, L Acoardiug to th's view, the l.teralty of luzinescence, &t the moment
U et of exclitation, 1s determined by the wrihsr o° elsctromns :alsed by the exciting

S T rays iemselves from the losslizeiom leovels. The maximum lum!nescence during
excitat’an iy estavlished when oquiiinctum i &ttaine3 b:twesn the freeing and
losalization of the slectroms. 1z %e dezelopment of thig hypcthesis in detail,
it oan be emsumed oither that the reiletfom ocowrs here, as for infrared rays,
throvgh Sa or tkat the exciting rays al'e act directly izeident on the localigzed
elsstrons.

The existence of rediation as*ica of the exclting &ys in certein
cagee was proved. However, as will be slisar from the experiments desoribed . - . : f W .
beiow, im the phosplicrs irvestigated ty s, 1% campoi make up @ significent ‘
part of the luminescemce during excitatiom.

2. HNatwre of Varziicn

Tze variation in the drightness of lurizescencs &t the mowent of ex-
oltation and the veriatiom ia the brightasss of flash in rolatiom to the num-
ber of localized elvetrons, aze of 2. complately differsct zature.

From vha viow cf the hypcth-ais of the ratlsiion echilon of exniting
rays, lumizsscense daing exciiutice im the semm am flagn, xerely coming as
a result of the exciting light itseif. Th»s the brighteres of iumicescenrs
during excitatica must inoremss with ircreese it the o r of elsctroms
locailzed o the fizsh levels, soxaxrdizg o the rule explaining tke inerease
‘n Mrightaess of ths flssh, Roth cives were maasured {zdependently, 1.e.,
the fanreese cf ths brightness of lrexitsssense et the rcmem: of exoitation
wes studled for snzcessivs Imoreeses ln fimeh "light sune, " und the bright- D
neas of the Ilashes were measursd “ox 7exious values of the "light sums." T

. The tosis vare somducted with s 1nteasity <. tie sx0iting light
equal to 0.03 timas the ncmel. To ieteruine the depsndencs of the flask
brightnsss oz the egige ~F the "light smms," the excite‘ion vas stopped in a
determined momeni., Tie lnisial fies: luightnese an? the flash "light sum” i .
vere detexmined sfts: Vs phosphorescerse radiavion. Figure 9 shows the s R
owxvres for the lnirsese of the "light sums” of excitetion (cvrve Iy) anA the RS
inoreess of flaster (owve ) voreus the maritude ¢® the fiash *light sums."
These ocurres are 3istingui from ome smotss mot crly qwantitatively dbut
also quailtet’valy, since they v 227 fuzent cirva‘ires. ‘
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In estimating what part of the luminescence dwring exeitation can come :
from the radiation of the exciting raye on the flash levels, it mmst be Ny
¥est in wmind that the curve of this luminsscence has & form represented on ;

Figure 9 for IB‘J" On the othsr hand, the curve for the direct reccmbina-
tion of the electrons must rise comtinucusly. Therefore, corresponding to
the progeee of dirsct recomblmation, the difference cf curve Iy and the

i curve of radiavion by exciiing raye, cannot have a maximun valwe. It

e L } followe from this that the luminsecenmce broungit about by the radiation sc~
E : bion o exciolng raye will be less than 0.1 of Iy in all cases. '

3. Intense Luminsscence

Intenss tminesoence during sxcitaticn inm certalin cases can arise
at vory small flasn “lizht sume.” In this coaneotion the action of the mer-
: ow' ' line 435 mu le interestin,. Tabls L includes the values of the relative
- briditness of lminescsnce I, caused by the action of lines %35 and 366 mu
- and the flagh "light sume™ %C which were obtalned by the action of eash line
5 poparately and together. :

Table %
Almp) 435 366 435 4366

Iy 312 168 —
8y 2 223 196

Wo see that, in the experimental arrengements, when the line 435 ma(
gave off a gxeater brightnees of than the line 366 m M s this luminea-
ceuce ocowrred at very small flash "light smme."” It could have been assumed ; o
that the greater “-ighiness of Iy at the presence of oniy a emall "light o B
sum” Spe arises dws to tho unusually strong radiation actiom of line 435 mAk. ‘
Ecwever, the direct determination of the radiation astion of line 435 mu by
comparing the "light sums" obtalned at the actlon of ons line 366 mpA and the
two lines 366 4 435 mu together, showed that the rediation action of line
435 m @ vas emall.

The nature of luminescence during excitetion for the ins 435 mu is
not yet vcmpletely establighed. It ie possibls that, apart from recombina-
%icns from the conduotivity levels, there exiete a diraeot excitation of
cerium ions.

The considerations mentioned make ue ascribe uvhe chief part of the
- luminescence during excitation to the recombination of electroms straight
from the conductivity levels or of elecirons undergding localirzation in very
shellow levele.

4, Distribution cf Electrons From Conductivity Level and Absolute Number
o o of Transition Bleotrons

After examining the geneial picture of illumination of &hr8-Ce, Sm,

- La-phosphors, the question naturally arises as to the distribdution of elestrons

to of ths condnotivity level betweesn the loualization level and ifonired centers. R
The gensral amount of ensrgy transformed by & phosphor in a unit of time, if i :
diverted froa extinguishing processes, can be determined by the strength of RN \
lminescence dwring excitation after tnie luminoscence, as a result of f£illing AR
localization levels, reackes its full develomment. Thie energy, calculated per
wit of excitation energy, was determined for various ensrgies of excitation
from many testa. The obtained resulte fluctuated within the following limits:

Sanitized Copy Approved for Release 2011/06/28 : CIA-RDP80-00809A000600220703-7



o 3 N N v L - ~ R
W M : 0

Sanit

ized Copy Approved for Release 2011/06/28 : GIA-RDP80-00809A000600220703-7 il

A

CONFIDENAL SoxTe

v

IB 15 1 0.2 C.05 0.0L 0.005 Average

601073 Iyey 9.45 9.3% 8.37 7.79  6.42 8.52 8.38

knowing the rate of growth of the "light sum™ Spy of tiagh and the "light
stm" 3¢ . Further, as a funstion of exposure 6 =Igt, it is easy to com-
pute A3pp/A 5 and A8 /At, incremsnts of emergy needed in various

phases of exposure to fill both systems of local levels. The subtractiom

of both values ASps/At and A8¢/ At from the full ensrgy of lumines-
cenc: during exsitation obviously gives the curve of the growth of this lumi-
neeconcs ecsording to the exposure inorease, The rate of all cuxrves is
revrigented o1 Mawse 10: ig the level of full luminescensce &t the
momsat of exeitatl w; ASpr/At is curve of the £illing of the flask levels;
A ¢ /&t s cwve of the $/1ling of the phosphorescence loveis; and

Iy '3 curve of the growth of luminsssance during excitatiom according to the
exposure increase.

_Thig curve is obtained by subirecting cuves AS,./At and D8g/Dt i
from . Its growth on transformation of coordimate @ to t is very closes S
to the experimentally obtained growth o the luminescencs at activation shown L
in Figwre 3. It follows from Figure 10 that at the beginning of exposure,
and also in later stagee of flash redlation, there are very considerabls gquotas
of elestruas Trom the condusy!vity level which are directad to localizaticn
levels.

We must notise that the raleirnr of electrons by infraved rays from the
localization levels to the comdustiviiy level is not eccompanied by stromg ) S S
oextinguishing, sipce during a steady cycle, the brightness of luminescence at . PR -
) the momsat of excitation was similar to that when the exciting light alome was :
" . acting, as vell as vhen it acted in somjunction with infrared ray.. In the
. first case, the electrons recambine immediately from tke condustivity lsvel.
In the mecond case, part of the elsctroms had previously passed through the
localization levels; the flash "light sums," as wae shown above at the simml-
taneous action of infrared rays, are smaller.

Kaowing the absolute value of the flash "light sums,” in ualts of
apo-stilb/minate, /Btild ie USSR unit of brigainsss./ of our phosphor the
nweber of locallred electrons conld be computed approximstely during full @
exaitation of the phospkor. It was of a smeller order than the number of Sm R
&toms ., . : -

Conclusiocns
The fundamental resulte of the pressnt reseerch are:

1. Establishing the separate sxietence in CaS-@rS<ls, iu, La-phosshors
S of deep flash levels and shallower phcsihorescence leveis.

R s 2. Tinding the uniform filling of hott systems of levels, i.e., the
2 equal probability of elecircn loceliszstiom from the copdtctivity levsl on the -
' leorels of both system. . ! :

3. Xstabliehing the nature of tlue basic part of luminescence during
excitation &s luminescence of the recmmbinatiom of elsctrons which eitler have
nov undergons praviovs locallizatiun cr bave been localized on very shallov lsvels.

Lk, Rstablisning vhe rate-of-change prolabdility of the reccmbination and
localirzation processes with inorease of expocsure and filling of the localiza- ) A ]
tion levels. . T

-
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